Despite tremendous growth in the consumption of gluten-free (GF) foods, there is a lack of evaluation of their nutritional profile and how they compare with non-GF foods. The present study evaluated the nutritional quality of GF and non-GF foods in core food groups, and a wide range of discretionary products in Australian supermarkets. Nutritional information on the Nutrition Information Panel was systematically obtained from all packaged foods at four large supermarkets in Sydney, Australia in 2013. Food products were classified as GF if a GF declaration appeared anywhere on the product packaging, or non-GF if they contained gluten, wheat, rye, triticale, barley, oats or spelt. The primary outcome was the 'Health Star Rating' (HSR: lowest score 0·5; optimal score 5), a nutrient profiling scheme endorsed by the Australian Government. Differences in the content of individual nutrients were explored in secondary analyses. A total of 3213 food products across ten food categories were included. On average, GF plain dry pasta scored nearly 0·5 stars less (P,0·001) compared with non-GF products; however, there were no significant differences in the mean HSR for breads or ready-to-eat breakfast cereals (P$0·42 for both). Relative to non-GF foods, GF products had consistently lower average protein content across all the three core food groups, in particular for pasta and breads (52 and 32 % less, P,0·001 for both). A substantial proportion of foods in discretionary categories carried GF labels (e.g. 87 % of processed meats), and the average HSR of GF discretionary foods were not systematically superior to those of non-GF products. The consumption of GF products is unlikely to confer health benefits, unless there is clear evidence of gluten intolerance.
Health effects of gluten have received increasing attention both in medical research and popular media, and remain highly controversial (1 -3) . People with diagnosed coeliac disease require a lifelong strictly gluten-free (GF) diet (4) . In addition to coeliac disease patients, it has been hypothesised that a substantial proportion of the population may be gluten intolerant (non-coeliac gluten sensitivity), and could benefit from reducing gluten in their diet (5) . However, clinical evidence for the existence of such conditions and other purported adverse health effects of gluten remain inconsistent (6) .
Nevertheless, there is growing popular perception that GF foods are healthier, and in recent years, there has been a dramatic increase in demand and consumption of GF foods in many Western countries. For example, nearly one-third of adults in the USA have expressed interest in avoiding or cutting down on gluten in their diets, and sales of GF foods reached approximately $10 billion in 2013, with most of the increased demand for GF foods from those without clinically diagnosed coeliac disease (3, 7) . A rapid growth in the sale of GF foods has also been observed in the UK (8) . Despite the tremendous rise in popularity and consumption of GF foods, there is a lack of evaluation of their nutritional profile and how they compare with non-GF foods. Such an assessment is important for several reasons. Gluten-containing grains such as wheat, rye and barley are important sources of nutrients. Staple foods that traditionally contain these grains are core to the diet of many countries, and consumed by large proportions of the population (9) . There are concerns that removal or substitution of these grains from GF products with other ingredients could adversely affect nutrient intake in those consuming a GF diet (10, 11) . Furthermore, consumers may perceive GF products as healthier than non-GF foods, and food companies may market them as such and charge a premium price (12, 13) . This may occur even when the foods concerned are energy-rich, nutrient-poor discretionary products such as cakes and biscuits (12 -14) . For most food categories, it is unclear whether GF products contain comparable, higher or lower levels of sugar, salt and saturated fat relative to non-GF products.
To address these gaps in knowledge, we conducted an evaluation of the nutritional quality of GF foods in core food groups and a wide range of discretionary product categories available in Australian supermarkets in 2013, and compared their nutritional profile with non-GF products.
Methods

Design and data
Nutritional information for each food product was obtained from the Nutrition Information Panel (NIP), and data were collected using previously described methods (15, 16) . Briefly, between July and December 2013, NIP data were systematically obtained from all packaged food products available for sale at four large supermarket stores (Coles, Woolworths, ALDI and IGA) in Sydney, New South Wales, Australia. Where exactly the same product was for sale in more than one supermarket, it was recorded only once. Where the same product was presented in different pack sizes, only one entry was recorded. For each food product, the manufacturer, brand and product name, nutrient content per 100 g as appeared on the NIP, and gluten status were recorded (see below). Data were entered into The George Institute's branded food composition database according to standardised procedures (17) . Likewise, data were verified according to a defined quality assurance protocol and workflow, which includes screening for outliers and missing values, checking data entry accuracy by two study personnel independently, and resolving queries and discrepancies by review of the original NIP data, consultation between the research personnel, review of the manufacturer's website, or follow-up with the manufacturer directly.
Product categories included
The staple food categories that we included were those typically containing gluten and comprised breads, ready-to-eat (RTE) breakfast cereals and dry plain pasta. These are important contributors to energy intake in typical Western diets including Australia, and are part of the core foods recommended by the Australian Dietary Guidelines (9, 18) . Likewise, we evaluated multiple categories of discretionary foods including those that utilise large quantities of gluten-containing grains (cereal bars, cake mixes/cakes and sweet biscuits) as well as others that typically include smaller quantities and for which GF alternatives are often available (ice cream, corn and potato chips, cured meats, sausages and hot dogs, and sugar-based confectioneries). Food categories were also selected if they contained at least twenty GF and twenty non-GF products to allow meaningful comparison and statistical inference between the nutritional composition of GF and non-GF foods.
Determination of gluten status
A product was classified as GF if a GF declaration appeared on the NIP, or anywhere else on the product packaging. A product was coded as non-GF if it contained any of the following ingredients: gluten; wheat; rye; triticale; barley; oats; or spelt. Glucose syrup derived from wheat was considered to be a GF ingredient. We excluded from analyses the food products that did not carry a GF label, but were determined to be likely GF based on inspection of the ingredient list.
Outcomes
The primary outcome used to compare the nutritional quality of GF v. non-GF products was the 'Health Star Rating' (HSR) system, a voluntary nutrient profiling scheme endorsed by the Australian Government with the aim of helping consumers to choose healthier foods (19) . The HSR system rates a product between 0·5 and 5 stars (increasing in 1/2-star increments, with more stars indicating higher nutritional quality). The number of stars for a food product is calculated based on an algorithm that takes into account the quantity of specific food components and the estimated overall healthiness of the product. Details of the HSR algorithm are provided in the Supplementary material (available online). In secondary analyses, we also explored differences in the content of energy (kJ), saturated fat, total sugars, Na, protein and dietary fibre per 100 g between GF and non-GF products. Australian law does not require mandatory labelling of fibre content as part of the NIP, so we restricted the analysis of fibre to only those food products with available information.
Statistical analyses
Data are presented as means and standard deviations. Summary data for energy and nutrients were presented per 100 g of each food. Differences in mean HSR and nutrient content between GF and non-GF products were assessed by linear regression analysis. A two-sided P value of ,0·05 was considered as statistically significant. Statistical analyses were conducted using Stata 13.1 (Stata Corporation).
Results
A total of 3213 food products across ten food categories were included in the analyses. The top three manufacturers of GF and non-GF products and the number of products in each category are provided in online Supplementary Table S1 . The number of products ranged from 154 for corn and potato chip products to 550 for sweet biscuits. In almost all of the food categories, the majority of products were non-GF (percentage of GF products 10 -36 %), with the only exception being cured meats, sausages and hot dogs for which most (87 %) of the products were labelled as 'GF'. For non-GF products, the top three manufacturers were mainly large international food manufacturers (e.g. Kellogg and Mondelez) or major Australian supermarket retailers selling their own brand (e.g. Woolworths and Coles). Conversely, GF products came from a more diverse group of manufacturers, and the leading companies were mostly different across product categories.
The mean HSR and nutrient content of GF v. non-GF products in the core food groups are summarised in Table 1 . On average, GF plain dry pasta scored nearly 0·5 stars less (95 % CI 2 0·38, 0·57, P, 0·001) compared with non-GF products; however, there were no significant differences in the mean HSR for breads or RTE breakfast cereals (P$0·42 for both). Relative to non-GF foods, GF products had consistently lower average protein content across all the three core food groups, in particular for plain dry pasta and breads (52 and 32 % less, P,0·001 for both). The contents of total energy, Na, saturated fat and total sugars were similar between GF and non-GF core foods. While GF breads had significantly higher mean dietary fibre content (2·2 g/100 g, P, 0·001), the opposite was true for RTE breakfast cereals (Fig. 1) .
HSR were similar for four out of the seven discretionary food groups assessed, including cereal bars, cake mixes/ cakes, sweet biscuits, and cured meats, sausages and hot dogs ( Table 2) . Consistent with this observation, there were no clear patterns of differences in the content of individual nutrients between GF and non-GF products in these food categories (Table 2 and see online Supplementary Fig. S1 ). These foods were generally high in Na, saturated fat and sugar content and often exhibited reciprocal changes in the levels of these nutrients. For example, while GF cake mixes and cakes had lower saturated fat levels compared with non-GF products (by 2·1 g/100 g, P¼0·001), they had higher total sugar levels (by 8·1 g/100 g, P, 0·001), resulting in similar mean total energy (1469 v. 1501 kJ/100 g). In the remaining three discretionary food categories examined (ice cream, corn and potato chips, and sugar-based confectioneries), GF products had significantly higher HSR (mean difference 0·2-0·8 stars, P# 0·01 for both), which were largely driven by lower mean levels of saturated fat (ice cream and corn and potato chips) or total sugars (ice cream and sugar-based confectioneries) and therefore energy density (all the three product categories).
Discussion
Based on a large cross-sectional survey, our data show that GF products in the core food categories had overall similar nutritional profiles compared with non-GF products, with the notable exception being that GF products had lower average protein levels. Furthermore, while GF products had slightly Table 1 . * Calculated as follows: mean GF group2mean non-GF group. † Differences in mean nutrient content between GF and non-GF products were assessed by linear regression analysis.
better average nutritional profiles compared with their non-GF counterparts in several discretionary food categories, the overall quality of these products remained poor with typically high levels of sugar, saturated fat and salt. Gluten is an important part of traditional cereal-based foods such as bread and pasta because it confers desirable functional (e.g. strengthening the structure of bread) and sensory (e.g. improved mouthfeel) characteristics important to food manufacturers and consumers (20) . To compensate for the absence of gluten, GF products are developed using a wide variety and mixture of GF flour, fibre, hydrocolloids and enzymes (21) , and concerns have been raised regarding the nutritional profile of GF products. For example, prior surveys of a limited number of GF products have suggested frequent dependence on substitute ingredients with low fibre content (22, 23) . It has also been speculated that GF products may contain more sugar and fat to improve palatability, with the concern that this could result in higher energy intake and weight gain (24) . A key finding from our analyses of nearly 1200 core foods is the lower average protein content of GF products, which suggests that carbohydrate-rich, but protein-poor ingredients such as maize starch, white rice flour, potato starch or tapioca starch are likely to have been used as substitutes in these food categories. As such ingredients are often also very low in vitamins and minerals, our findings highlight the need for future studies to examine the levels of these nutrients in GF core foods. The present results do not support the contention that GF core foods are consistently lower in fibre content or that the nutritional quality of GF foods is seriously adversely influenced by the addition of saturated fat or sugar.
Breads, RTE breakfast cereals and pasta are important sources of nutrients in the Australian population, with the most recent Australian Health Survey reporting that approximately two-thirds and one-third of the population consumed breads and RTE breakfast cereals on the day of assessment (9) .
The differences in protein content between GF and non-GF core foods that we identified have also been reported by others (25) . However, this difference is unlikely to have a substantial impact on protein intake in those following a GF diet if they also eat meat, dairy and egg products. Nevertheless, those who do not (e.g. vegans) could be particularly affected, and education regarding alternative protein sources (e.g. legumes and nuts) is important for this group. There has been a dramatic increase in the demand for GF products over the last several years, driven in part by a perception that these products are healthier than their non-GF counterparts (2, 3) . A large number of discretionary products that do not naturally contain gluten (e.g. processed meats and corn and potato chips) and that now carry GF labelling suggests that food manufacturers may be employing GF labelling as a tool to market discretionary food items. The average nutritional qualities of GF discretionary foods were not systematically superior to those of non-GF products, although some were better than their gluten-containing counterparts. There is growing evidence that the 'health halo' effect whereby products are labelled as 'healthier' (e.g. low fat) can mislead consumers about elements such as energy content and portion sizes, resulting in increased consumption (26 -29) . The effects of GF labelling on consumer perception and behaviour is not well established; however, there is a clear risk that consumers could misconstrue GF status as an indicator of healthiness. Another potential risk is that non-coeliac subjects who choose to consume a GF diet may unnecessarily limit the variety and adversely affect the quality of their diet, which could have a substantial influence on health outcomes (30) . Therefore, it is also important for future studies to assess the overall dietary pattern (i.e. intake of specific foods such as whole grains, fruits and vegetables) in populations consuming a GF diet.
The present study has several strengths. Nutritional information was collected using standardised methods with rigorous quality control that reduced the likelihood of data errors. We sampled a large number of products that enhanced statistical power to assess differences in nutritional quality between GF and non-GF products. The collection of packaged foods from leading Australian retailers increased the relevance of these findings to Australian consumers. Simultaneous assessment of both core and discretionary food products provided novel insights into the nutritional quality of GF products across diverse food domains that are consumed in significant quantities by a large proportion of the population.
Potential limitations are the absence of 'gold-standard' chemical analysis to assess individual nutrients in the food products and our reliance on the NIP. Prior independent assessments of NIP data suggest that they are generally accurate (31) . Our reliance on the NIP also meant that we were unable to systematically evaluate the levels of other nutrients of interest (e.g. folate, thiamin and Fe) that may differ between GF and non-GF products (22, 23, 32) . Dietary fibre information was available for only a subset of the products evaluated, and therefore these results should be interpreted with caution. We did not collect and compare the price of GF and non-GF products; furthermore, as the present study examined packaged foods from large supermarket chains in Australia, the findings may not be generalisable to products found in other types of food retailers or to other countries. * Calculated as follows: mean GF group 2 mean non-GF group. † Differences in mean nutrient content between GF and non-GF products were assessed by linear regression analysis.
In conclusion, the consumption of GF products is unlikely to confer health benefits, unless there is clear evidence of coeliac disease, gluten intolerance or allergy to gluten-containing grains. There is a moderate likelihood that GF labelling is being used to infer healthiness for discretionary items, which is unwarranted. Given the adverse health effects caused by poor diets in Australia and other parts of the world, policy initiatives should target increased consumption of core foods such as whole grains, fruit and vegetables and reduced consumption of discretionary foods (GF or otherwise) as a public health priority.
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